Using real world data when learning new concepts is attractive to many students in engineering technology programs. Even more attractive is using real world data when learning how to address challenges. Statistics courses are usually required for aeronautical engineering technology and other aviation technology students to prepare them with data analysis skills for solving practical problems. Students who major in aviation technology programs are encouraged to practice the learned statistical knowledge with real life aviation data. In aviation public databases such as those available from the Federal Aviation Administration (FAA) and the International Civil Aviation Organization (ICAO), there is a wealth of data that has the potential to engage students in active learning and to inspire students to participate in research or even seek advanced degrees. The use of aviation databases can be expanded in undergraduate level courses, or incorporated into statistical applications in class. The goal of this paper is to encourage instructors to use aviation data in their courses by doing two things: 1) familiarize instructors with a selection of FAA databases and 2) propose a set of exercises that may be incorporated into existing courses, or become part of the exercises in a standalone data analysis course. This paper presents a preliminary course design that focuses on incorporating project based, analysis oriented exercises in undergraduate courses where the exercises use public aviation data. These exercises are intended to hone students' analytical skills and inspire students to learn by using aviation data in the exercises.
Introduction
Using real world data when learning new concepts is attractive to many students in engineering technology programs. Even more attractive is using real world data when learning more about local, national and global challenges. Statistics courses are usually required for aviation technology students to prepare them with data analysis skills for solving practical problems. Students who major aviation programs may be inspired to learn more in-depth statistical knowledge and skills if the problems use real aviation data. In aviation public databases, such as those available from the Federal Aviation Administration (FAA) and the International Civil Aviation Organization (ICAO), there is a wealth of data that has the potential to engage students in active learning and to inspire students to participate in research or even seek advanced degrees. The use of aviation databases could be expanded in undergraduate level courses, or incorporated into statistics exercises. The goal of this paper is to encourage instructors to use aviation data in their courses in two ways: 1) familiarize instructors with a selection of FAA databases and 2) propose a set of exercises that may be incorporated into existing courses, or become part of the exercises in a standalone data analysis course. This paper focuses on incorporating project based, analysis oriented exercises in undergraduate courses where the exercises use public data. These exercises are intended to hone students' analytical skills and inspire students to learn by using aviation data in the exercises.
Data retrieving and information collecting are critical skills for aerospace engineering technology or aviation technology students to practice and expand. While learning and mastering statistical tools and aviation technical knowledge, this paper proposes that students would benefit from projects that use real life data specific to their major, which in this case is aviation related. Access to a vast array of aviation data may be found in two ways: through University libraries that spend scarce resources to purchase access to online databases and through the numerous public databases that are freely available. Even if the data is available, there may be at least two barriers to using it. First, instructors and students are many times not familiar with these databases. Second, examples of using these databases may not be available that facilitate the incorporation of this data in to courses. In this exploratory paper, the two questions explored are:
1. What aviation-related databases are available? 2. How can these databases be used in courses?
Background on Data Analysis in Aviation Programs
Two of the accrediting bodies for aviation-related programs each have some requirement for data analysis. Initially founded in 1988, Aviation Accreditation Board International (AABI) is an autonomous institute that aims to advance the quality of worldwide aviation education program. [1] AABI accredits aviation education programs that meet certain standards. [2] Although there is no prescribed course specific for database utilization, the 2016 AABI accreditation criteria for both bachelor and graduate level programs requires that graduates must demonstrate data analysis and interpretation skills. [3] The ABET-Engineering Technology Accreditation Commission (ABET-ETAC) requirements for aeronautical engineering technology (AET) programs do not specify statistics or database coursework, but the student outcomes do include analysis and interpretation of experimental data, the application of mathematics, and use of graphical communication. Because of these requirements from AABI and ABET-ETAC, there are undergraduate aviation programs that require students to take an elementary statistics course and include data analysis in aviation courses.
The goal of an introductory undergraduate statistics course is to provide students with basic understanding of statistical theory and analysis techniques such as understand sample statistics, analyze data for one or more variables, test for significant differences for means and proportions, calculate the confidence interval for population parameters, and perform simple regression. The courses typically choose a standard statistical software product, such as SAS, Minitab, SPSS, R Project, Excel, among others. Use of a statistical software in introductory statistics courses focuses on learning the concepts in those courses such as estimation of population parameters and the use of graphical and statistical analytical tools. In these courses, students may perform data analysis using datasets provided by the instructor as these datasets are known to the instructor and are selected to be focused on the problem at hand.
Aviation technology programs typically include project based courses in which students work together in small teams to perform case study or group research over a several week period.
Introduction to Aviation Databases
There are numerous aviation databases available to the public via websites. The US Federal Aviation Administration (FAA) and the US Bureau of Transportation Statistics (BTS) have national databases that are available. When starting with FAA data, the aircraft registration list and certificated aviation school lists are easily located and searched. There are interesting datasets on on-time statistics, wildlife and aircraft collisions, accident data, and other areas on the www.faa.gov/data_research website. While not an exhaustive list of information available from the FAA, as a way to get started in this sea of freely available data, please see the FAA data source summary in Table 1 . For information on aviation and the myriad of other transportation modes, the BTS website contains datasets and reports. The extensive BTS website has an entire section on transportation topics by mode of transportation and offers a wide selection of statistical products and data. For instance, on time statistics by flight number, tarmac times, and fuel consumption by air carrier are available. Aviation is a global enterprise, and therefore, it is critical that students are exposed to aviation operations, issues and data in a global context. However, it can be more difficult to obtain data from other countries due to lack of availability via websites or due to language differences. Two of the numerous sources of aviation data that are readily available to English-speakers are the United Kingdom Civil Aviation Authority (CAA) and ICAO. On the CAA website available at www.ca.co.uk, there are data sources for the aviation market, safety and security, airspace and the environment, persons and organizations holding approved certificates, aircraft and airworthiness, and data for passengers. For instance, data on flight reliability, on-time flight performance, and aircraft noise and exhaust emissions are available. ICAO collects information on airlines and air travel from countries all over the world. ICAO is the United Nations specialized agency dedicated to aviation. ICAO sells access to databases such as the ones inside ICAO Data Plus that includes aviation data collected from its member states. ICAO Data Plus has financial data, fleet data, passenger-route data, and much more. The ICAO engine emissions databank is freely accessible and contains specific emissions indices for exhaust emissions for turbine engines from all over the globe. Downloadable as a csv file, the databank is easily imported into spreadsheet software. The databank includes information of emissions, fuel flow rates, and other engine parameters for engines such as the AE3007 series to the CFM56 series to the GE90 series. In addition to these databases, there are private companies that sell access to privately developed and maintained databases and are available through access purchase.
The information in Table 1 is not an exhaustive list of FAA data available, instead it is presented as a starting point for locating and using aviation data sources beginning with the FAA Aviation Safety Information Analysis and Sharing (ASIAS) System. For instance, the airport data and contact information database is not found in ASIAS, but is found under the Airports tab and also under Aviation Data and Statistics on the FAA website. This searchable database contains information on number of based aircraft, runway lengths and other airport data. In this paper, the FAA Aviation Safety Information Analysis and Sharing (ASIAS) data found in table 1 is introduced and highlighted for inclusion in aviation courses and exercises. Multiple sources of data are available through the FAA's ASIAS portal. A summary of data sources is shown in table 2. The ASIAS system is a joint initiative across government and industry that aims to analyze aviation safety concerns proactively. [5] Using data to inform decision-making is a critical skill in aviation, and in many other ASEE disciplines. ASIAS combines 185 voluntary safety data sources from commercial passenger and cargo air carriers (45), corporate and business operators (20), manufacturers (2), and maintenance, repair, and overhaul (MRO) organizations (2) . ASIAS cooperates with Commercial Aviation Safety Team (CAST) and the General Aviation Joint Steering Committee (GAJSC), and specialized in risk monitoring, risk detection, and mitigations evaluation. [5] The homepage of FAA ASIAS program is the portal to the data sources in Table 2 . By selecting "Data & Information" tab on the top left, users can enter the list of all data sources from ASIAS presented in alphabetical order. The following example of retrieving data from this database is based on the FAA Runway Safety Office -Runway Incursions (RWS) database found on the ASIAS source databases (P-Z) tab. [6] After entering the RWS database (figure 1), users can define their search parameters by entering information into the online search form. Runway incursion accidents and incidents can be searched through "Narrative", "Event", "Location", and "Aircraft". Throughout the "Narrative" searching box, keywords such as "Collision", "Taxi", and "Takeoff", among others, can be used to search details of events such as accidents or incidents. The event can also be located through "Event ID" or the start and end date of the event. Parameters such as the IATA 3-Letter Airport Codes, the state where the event happened, and the type of aircraft can be used to filter the events.
One example of data output from the RWS database is shown in figure 2 . This sample output was retrieved by specifying the time of events from January 1 st , 2015 to January 1 st , 2016, at Chicago O'Hare International Airport (ORD). The output of the search results allows users to sort the events by different parameters, such as FAA code for runway incident type, incursion aircraft type, weather condition, or type of operator. Conveniently for further data analysis, persons can select the "CSV Download" to retrieve the dataset in the format of comma separated value (as is shown in figure 2 ) that can be copied into many statistical software packages. 
Example Exercises Using Aviation Data
In introductory statistics courses, the graphical and statistical analyses of data are introduced. In table 3, a sample of questions and datasets is presented to inspire educators to use aviation data in their statistics courses. The Graphical Summary skill listed is a command in Minitab software that produces a histogram with a Normal curve fitted on the data, box and whiskers charts for median and mean, and numerous sample statistics. The sample questions in Table 3 are a starting point for the use of these datasets in statistics courses and in aviation courses related to airport management and aviation safety. Using real data that is applicable to real issues is a way to inspire students to learn more about statistics and data analysis.
Aviation Data Analysis Course
While some aviation programs include a statistics course and courses that use aviation data, there is a growing demand for aviation technologists who possess data analysis skills. These technologists may work in safety, operations, or revenue management at airlines, or in manufacturing, safety, quality or engineering at aircraft manufacturers or maintenance companies. Using aviation data is one way to engage students in the statistics theory and application. In this paper, an aviation data analysis course is introduced.
Introduction to Data Management
Statistical software packages are critical tools in managing data before performing the data analysis. In this module, example-based software instructions will be delivered to students in the classroom, and students will practice their software skills in the laboratory hours. Excel, SAS, Minitab, SPSS, and R project are among the prevalent commercial statistical packages in performing data management. The example-based learning modules will be designed to develop a set of focused skills, and to enhance students' practical skills in using those packages, but not develop a comprehensive knowledge of the full capabilities of the software.
After downloading datasets from online database, students are expected to be able to read the original data files, and identify the layout and type of data from the file. Students then will be assigned to transform the datasets into required data formats, using step-by-step guidance developed by the instructor. Additionally, students are expected to be able to manipulate the original datasets, such as combine two or more datasets, add or remove variable(s), transform numerical data to categorical (or vice versa), create new variable and assign value, and conditionally-screen output data. An in-class test will be graded.
Research Project and Presentation
The group project will be assigned to students during the fourth module of the curriculum. Each project team includes three students, and they will be either assigned a topic or propose their interested analytical research project. The objective of the project is to develop and answer an aviation-related question by using aviation databases and statistical software package(s). The team will develop a research question, a methodology, data collection plan, and analysis plan. Ideally, the project will require the use of multiple datasets. The results will be presented to the class, and delivered as a report and a one-page project summary. During class periods, students will discuss published research studies that used aviation databases, in order to increase their skills in developing research projects and in critical thinking. Grades for this module include the report, presentation, one-page summary, team participation input from peers, and participation in the class discussions. [8] demonstrated an example of runway incursion study that used multiple online databases. Three research questions were addressed in this study:
 "Is the presence of intersecting runways related to the rate of runway incursions at an airport?"  "Do airport geometry factors contribute significantly to the prediction of the number of runway incursions per 100,000 operations at an airport?"  "What are the most significant airport geometry factors that contribute to the number of runway incursions per 100,000 operations at an airport?" [8] To answer the above research questions, this study utilized public available data from Air Carrier Activity Information System (ACAIS), Air Traffic Activity System (ATADS), Aviation safety information analysis and sharing system for runway incursions (ASIAS), AirNav, and FAA Airport Diagrams. From the data provided by Air Carrier Activity Information System (ACAIS), this study first identified the 30 busiest airports with intersected runway, and another 30 busiest airports without intersected runway. The number of incursions per 100,000 operations at the selected airports were retrieved from FAA Runway Safety Office's Runway Incursion database. Air Traffic Activity System (ATADS) provided the total number operations at selected airports from 2009-2013. The ratio of operations causing runway incursions to incursion-free operations were calculated for each airport. The airport configurations data (intersected runway vs. nonintersected runway) were retrieved from the examination of airport diagram available in AirNav. The first research question was examined by a one-sided test for two proportion. Under α = 0.05, the statistical test rejected the null hypothesis that "the frequency of runway incursions at airports with intersecting runways is the same as at airports without intersecting runways" in favor of the alternative hypothesis that runway incursion frequency is higher for airports with intersecting runways. [8] At the completion of the course, the student will have completed the four modules and associated assignments. As a percentage of the course grade, the expected weighting is:
This course is under development and expected to be delivered in Spring 2018 as an experimental course. A set of the data management modules will be incorporated into a course in Fall 2017. The authors aim to encourage the use of aviation data in engineering technology and aviation technology courses. The purpose of this paper is to identify sources of aviation data and introduce how these data may be included in a separate course, or as exercises in an existing data analysis course.
Additional Databases
The ASIAS databases are introduced earlier in this paper as a place to start when looking for real aviation data to include in courses. Other collections of data are available. First, another FAA database is presented. Next, two sources of data from ICAO are presented.
The FAA Air Traffic Activity Data System (ATADS) contains the official public air traffic operations data that are available in National Airspace System (NAS). ATADS data can be accessed without login request. [9] The major data sub-database of ATADS system (see table 4 ) are: airport operations, tower operations, TRACON (Terminal Radar Approach Control Facilities) operations, total terminal operations, center aircraft handled, and information about air traffic control facility.
By accessing ATADS online, the user is directed to a main page. The airport operations is one of the choices available on the main page. After entering the main page of Airport Operations subsystem, there are six tabs for detailed searching customization. By specify the date, facility, filters and groupings, dataset will be automatically downloaded through click the "Run" button. Under the "Output" tab, user can define the scope of the report and the format of output data file. Table 4 : Available data sub-systems in ATADS. Sample data output from Airport Operations sub-system is as shown in figure 3 . The number of flights between January, 1990 and December, 2016 at Chicago O'Hare International Airport is used as a sample output in this example. The report used standard format, and the output dataset used MS Excel format. The flight statistics of VFR, IFR, itinerant and local flight were all selected to the output. A partial sample data output from ATADS Airport Operations Sub-system. [10] The ICAO Data Plus database is an innovative tool that dynamically and graphically presents airline data. The database helps users to visualize data characteristics and enable them to perform data analysis more competently. [11] The ICAO Data Plus database covers over a 30-year period and allows users to conduct longitudinal research based on historical data. The database also incorporates forward forecasting until the year of 2030. The database covers 7 modules, which are: air carrier finances, air carrier fleet, air carrier traffic, traffic by flight stage, air carrier personal, on flight origin and destination, and airport traffic. See table 5 for more information.
The ICAO Aircraft Engine Emission Databank contains certain aircraft engine emission data from engine manufacturers. [13] The measurement procedures for engine emission data are compliance with ICAO Annex 16, Vol II, and engine manufacturers are responsible for the data accuracy. The ICAO Annex 16, Vol II contains the standards that limit the emission of smoke, hydrocarbons (HC) residual, carbon monoxide (CO) and oxides of nitrogen (NOx), and it also provides standardized test procedures for measuring emissions from aircraft turbine engine exhaust. The Engine Emissions Databank contains emissions information on newly certified engines that entered the production phase, and older engines which are not necessarily compliant with the current emission standards.
Directly downloadable as a single compressed file from the ICAO website (see figure 4) , the databank currently incorporates engine emissions data from 15 engine manufacturers worldwide. The data are easily downloaded to an Excel file as a large workbook, and then may be imported to other database software for analysis. In addition, the datasheets are also available. The measurement data files from the same manufacturer are included in one folder and all the required results are divided into different reports based on engine model and engine variations. For instance, under the "GE Aero Engines" folder, there are thirty-three (33) measurements data files for different variations of CF-6 engine, ranging from CF6-6D to CF6-80E1A2. Monthly and annually air traffic data for major international airports (aircraft movements, passenger enplanements/deplanements, and freight and mail loaded/unloaded information)
The databank contains general engine specifications such as engine bypass ratio, pressure ratio, and rated engine output. The emissions measurements are based on an ideal Landing-and-takeoff (LTO) cycle, under the International Standard Atmosphere (ISA) conditions. The measurement of HC, CO, NOx, and smoke number are recorded based on the ideal LTO cycle. The report also includes local atmosphere conditions and fuel utilization, along with other information. 
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Conclusion
In this paper, the authors presented an introduction to the numerous aviation databases available and presented a way to incorporate these databases in courses. Many of these databases can be used free of charge; some require subscription or purchase. After familiarizing the reader with a selection of FAA databases, the authors proposed a set of exercises that may be incorporated into existing courses, or become part of the exercises in a standalone data analysis course. In addition, this paper presented a preliminary course design that focuses on incorporating project based, analysis oriented exercises in undergraduate courses where the exercises use publicly available aviation data. These exercises are intended to hone students' analytical skills and inspire students to learn by using aviation data in the exercises. It is the aim of the authors to inspire others to use these databases so that future generations of engineering technologists are familiar with the challenges facing the global aviation industry and have the skills to help solve them.
